Two new site-specific endonucleases, NJa HI and NJa IV, have been isolated from NeiCTeria lactamica. NJa m recognizes the sequence, CATG, and cleaves 3' of the sequence to produce a four base 3' extension. NJaJV recognizes the sequence, GGNNCC and cleaves between the two N"s to produce blunt ended fragments.
INTRODUCTION
Twenty strains of the bacterial genus, Neisseria. have been shown to contain thirty type II restriction endonucleases (1) . Only two of these restriction endonucleases recognize DNA sequences for which isoschizomers have not been previously reported, Mde I (CATATG) and NJK I (GCTAGQ. Here we report the isolation of four type II restriction endonucleasei from Neisseria lactamira (NRC 2118). Each of the four recognition specificities requires only four nucleotides. Two of the endonucleases, NJa I and NJa, n, recognize the sequences GGCC and GATC respectively. These two specificities, GGCC and GATC, are the two most commonly reported of the type II recognition specificities(l). NJa I is an isoschizomer of Hae HI and NJa II is an isoschizomer of Mbfl I. In contrast, the other two restriction endonucleases, NJa IH and NJa IV are unique, their recognition specificities have not been previously reported. Ma ID recognizes the sequence CATG. Nla IV represents a new class of recognition specificity, a four base palindrome where any two bases are positioned at the axis of symmetry, GGNNCC.
MATERIALS AND METHODS
AH restriction endonucleases, reagents for DNA sequencing, the Njai 8-mer linker (CCCATGGG) and DNA substrates were from New England Biolabs, Inc. All DNA sequences were obtained from GENBANK. Snake venom phosphodiesterase was purchased from Worthington. Alpha 3 2 P-deoxyadenosine triphosphate and gammâ 2 P-adenosine triphosphate was purchased from NEN. Searches for restriction sites within known sequenced DNA's and prediction of fragment sizes were determined by the use of a computer.
Restriction endonuclfjse purification.
Neisseria lactamica (NRC 2118) was grown it 37 C in brain heart infusion medium to stationary phase. The cells were harvested and stored at -70 C. The frozen cell paste of Nemffria lactamirai (5 to 20 gm) was rhawed and suspended into 2 volumes of S buffer (10 mM potassium phosphate pH 7.4, 10 mM 2-mercaptoethanol and 0.1 mM EDTA). The suspension was treated with lysozyme (50 ug/ml) in an ice bath for 30 minutes, and then sonicated. The cell debris was removed by centrifugation at 15000 x g for 60 minutes at 4 C. The supernatant, crude extract, was adjusted to 0.15M N*C1 and applied to al 5 x 6 cm phosphocellulose column equilibrated in S buffer containing 0.15 M NaCl. The column was then washed with 2 column volumes of S buffer containing 0.15 M NaCl. A NaCl gradient(80 ml) from 0.15 M to 1.5 M NaCl was developed and applied to the column Three distinct peaks of restriction endonuclease activity eluted from the column. All three peaks were independently pooled and purified further by hydroxylapatite chromatography as follows. The pools were diluted with Buffer S to a final concentration of 0.15M NiCl. Each pool was applied to an hydroxylapatite column (1.25 cm by 4 cm) which had been pre-equilibrated with 0.15 M NaCl in Buffer S pH 12. The enzymes were eluted by a 80 ml linear gradient of 0.01-0.5 M potassium phosphate pH 7.2. One and one-half ml fractions were collected Where indicated in the Results the restriction endonuclease activities were further purified by Mono-S FPLC (1.0 ml column, Pharmacia) as follows. The pooled activity was dialyzed against 50 mM KC1, 20 mM potassium phosphate pH 6.9, and 10 mM 2-mercaptoethanol and absorbed to the column. A linear gradient to 1.0 M KC1 was developed in the above buffer and applied to the column, lml fractions were collected. The active fractions were pooled and dialyzed against 50* glycerol, 50 mM KC1, 10 mM Tris-HCl (pH 7.4), 0.1 mM EDTA, 1.0 mM DTT and stored at -20 C.
Assay for Restriction enAviuclease activity.
In the typical assay, 2-5 ul of column fraction were incubated in 50 ul of reaction mixture containing lug of appropriate DNA, 50 mM NaCl lOmM Tris-HCl pH7.4, 10 mM MgCl2, 5 mM 2-mercaptoethanol and bovine serum albumin (lOOug/ml) at 37 C for 30 to 60 minutes. The digests were analyzed by agarose gel electrophoresis.
RESULTS
Isolation of restriction enrlrmucleases Nlal. II. I TT and IV.
The c.n\Ar. fitrar-t nf Nrinmria lartamica was applied to and eluted from a phosphocellulose column. The resulting fractions were assayed for type II restriction endonuclease activity using lambda DNA as the substrate.
Three separate peaks of restriction endonuclease activity eluted from the column. The three activities were pooled separately. Pool I, the activity that eluted at the lowest salt concentration, was termed NJa I. Pool II, the activity that eluted just after pool I, was termed NJa n. £Jla I and NJa n were both further purified by hydroxylapatite column chromatography. After the hydroxylapatite step Nla n was further purified by Mono-S (Pharmacia) chromatography. The gel electrophoresis patterns obtained when lambda DNA was digested by NJa I or NJa. n suggested that these enzymes were, respectively, isoschizomers of Hae m (GGCC) and SlB 3AI (GATC). Peak ID, the last peak eluting from the phopbocellulose column, was purified further by hydroxylapatite chromatography. The peak of activity elutuig from the hydroxylapatite column was applied to a Mono-S column (Pharmacia). The eluting restriction endonuclease activity resolved into two peaks. The peak eluting at the lower salt concentration was termed Nla IV and the peak eluting later in the gradient was termed Mia III.
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Figure 2. Agarose gel (1.8%) electrophoresis of Ma HI digested DNA's. Lane 2 is pBR322 DNA; 3 is PhiX174; 4 is SV40; 5 is M13mp9; 6 is Adeno-2; 7 is lambda. Lanes 1 and 8 are size standards ( Has m digested PhiX174 DNA plus Hind in digested lambda DNA). Identification of Nlalll recognition sequence .
pBR322 DNA was completely digested with tfla m. The size of the resulting DNA fragments were determined by agarose gel electrophoresis ( Figure 2 ). The sizes of the observed fragments were 700, 500, 390, 340, 260, 230, 220, 200, and 170 base pairs. Some smaller fragments were also observed but due to this electrophoresis system accurate assignment of sizes was not possible. These data were analyzed by correlating the experimental data to computer derived data for all tetra-, penta-, and hexanucleotide perfect and imperfect palindromes as described by Fuchs cul. (6) . The palindromk sequence, CATC, correlated well with the observed sizes of fragments (Table I) Figure 7 . An autoradiogram of a sequencing gel of Nla IV digested Ml3mp8 DNA. The site of cleavage for NJa IV was determined as described in the Results. The lanes A, C, G, and T refer to standard dideoxy-chain terminating reactions. The -lane refers to the primer extension reaction which had been cleaved by NJa. ni. The + lane refers to the same reaction as the -lane except that DNA polymerase (Klenow) had been added to the reaction after cleavage. The O lar.e refers to the primer extension reaction which had no subsequent treatment.
A CG T + -A G-+ CT-
A GGNNCC recognizing restriction endonuclease from Neisseria yonorrhneae was not reported.
The yields of NJa. HI and NJa. IV are very low compared to the majority of other restriction endonucleases.
The yields on repeated attempts to isolate these enzymes have been less than 10 units of purified enzyme per gram of cell paste (data not shown). Recently, R. Camp and G. Wilson (unpublished observations, this laboratory) have attempted to clone both the Nla in and IV restriction/modification systems from N. lactamira. They have to date managed to clone both the Mia ni and IV methylases. The cloning and overexpression of these systems should facilitate the isolation of these restriction endonuclesases in much greater yield.
